Distal radioulnar joint (DRUJ) instability can lead to wrist pain and loss of hand function due to reduced forearm rotation and decreased grip strength. 1,2 Stability of the DRUJ is provided primarily by the dorsal and volar radioulnar ligaments of the triangular fibrocartilage complex (TFCC). 3 If both the palmar and dorsal ligaments are disrupted, it results into gross instability of the DRUJ. 4 If these ligaments heal improperly following injury to the TFCC or are damaged beyond repair, then DRUJ reconstruction is indicated.
For most acute cases, arthroscopic or open surgical repair of the TFCC can restore stability caused by peripheral tears or foveal disruption of the deep fibers of the radioulnar ligaments. 5, 6 However, in chronic injuries where anatomic restoration of the TFCC is not possible, or in cases which have failed previous attempts at repair, DRUJ reconstruction with tendon grafts may be indicated.
Adams and Berger described the anatomic reconstruction of the distal radioulnar ligaments using a tendon graft in 2002. 1, 7 The Adams-Berger procedure aims to restore kinematics and function of the DRUJ by reconstructing the dorsal and volar radial ulnar ligaments with a tendon graft. It is indicated in patients with symptomatic instability of the DRUJ due to irreparable TFCC lesions or recurrent instability after primary repair or stabilizing procedures without degenerative changes. [8] [9] [10] There are few published series examining the long-term outcomes, risk factors for failure, and complications of this procedure. The aim of our study was to assess the long-term outcomes and revision rate in patients undergoing Adams-Berger anatomic ligament reconstruction of the DRUJ at our institution between 1998 and 2015 and the effect of sigmoid notch anatomy and graft fixation type on reconstructive success.
Materials and Methods
Following institutional review board approval, we retrospectively identified adult patients who had undergone anatomic reconstruction of the DRUJ by the two senior authors at our institution between 1998 and 2015 with > 24 months followup. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were used in the preparation of this study. Charts were reviewed for patient demographics, mechanism and timing of injury, presurgical physical findings, indication and timing of surgery, and complications. In addition, we obtained clinical follow-up data with special emphasis on revision surgery and functional outcomes during the last noted clinical follow-up. This included pain relief (patient reported as none, mild, moderate, or severe), correction of instability, range of motion (ROM), grip strength, and Mayo Wrist Score (MMWS). Grip strength was corrected for right-hand dominance, assuming it is 15% stronger, while left handed patients did not have any correction and the two patients with bilateral surgery were excluded from grip strength analysis. Computed tomographic scans were performed to determine sigmoid notch anatomy, as defined by Tolat et al. 11 A procedure was considered a failure if the patient went on to revision surgery, or had recurrent instability. A mechanical failure occurred when the patient heard a "pop" prior to the development of recurrent instability or if the magnetic resonance imaging showed disruption of the graft.
Assessment of DRUJ Instability
All patients had an exam of the hand, wrist, forearm, and specific examinations for DRUJ instability by one of the senior authors. ROM was measured with a goniometer and grip strength with a calibrated JAMAR dynamometer. Based on the clinical and radiographic evaluation of DRUJ stability, patients with symptomatic instability and without radiographic evidence of degenerative changes underwent diagnostic arthroscopy to assess the DRUJ, TFCC, and the radiocarpal joints. Arthroscopic verification of DRUJ instability coupled with an irreparable TFCC lesion in patients without degenerative changes in the sigmoid notch and ulnar head was an indication for open anatomic DRUJ reconstruction.
Surgical Technique
A 4-cm dorsal skin incision between the fifth and sixth extensor compartments was made. The fifth compartment was opened and the extensor digiti quinti (EDQ) tendon was retracted. The DRUJ was exposed with an L-shaped capsular incision along the dorsal rim of the sigmoid notch, parallel to the native location of the dorsal radioulnar ligament. The DRUJ and TFCC were then evaluated.
To determine the distal radius bone tunnel position, a guidewire was placed under fluoroscopic guidance 4 to 5 mm proximal to the lunate fossa and radial to the sigmoid. A 3-cm palmar skin incision was made between the ulnar neurovascular bundle and digital flexor tendons proximal to the proximal wrist crease. The flexor tendons were retracted radially and the neurovascular bundle ulnarly to identify the volar aspect of the bone tunnel. The guidewire was then overdrilled using a cannulated 3 to 3.5mm drill bit and an awl was used to widen the tunnel to allow graft passage. Using the same cannulated drilling technique, a second oblique bone tunnel was made in the distal ulna by drilling retrograde from the fovea to the ulnar aspect of the ulnar shaft. A suture retriever was then passed through the radial tunnel from dorsal to volar and a limb of either an autologous or cadaveric tendon graft was passed dorsally. Choice of tendon (allo vs. autograft) was left to the discretion of the surgeon. The palmaris longus tendon can be of inadequate length for the conventional method of a half-hitch, and thus an allograft may be beneficial. A hemostat was directed from dorsal to volar just distal to the ulnar head and proximal to any remnants of the TFCC and pushed through the volar DRUJ capsule to grasp the palmar limb of the graft. The graft was pulled dorsally and tightened, ensuring not to trap any volar structures.
Both limbs of the graft were passed through the ulnar tunnel. One limb was passed underneath the extensor carpi ulnaris sheath, while the other limb was passed in the opposite direction, with attention not to entrap the ulnar neurovascular bundle. With manual compression applied to a neutral-positioned DRUJ, a half-hitch was made with the two limbs of the graft, pulled tight and then secured with nonresorbable sutures while maintaining graft tension (►Fig. 1). The dorsal DRUJ capsule and extensor retinaculum were closed in layers to add additional stability. To add further stability, the tendon graft may be incorporated into the capsular repair. The EDQ was left transposed and bowstringing was prevented by keeping the distal part of the extensor retinaculum intact.
If an interference screw was preferred for graft fixation, the DRUJ was manually compressed in neutral position and both limbs of the graft were pulled tight at the proximal opening of the ulnar bone tunnel. The interference screw was advanced in a proximal to distal direction, providing a solid fixation of the graft in the bone tunnel. If bone-anchored sutures were used, two anchors were inserted just proximal to the ulnar tunnel and horizontal mattress sutures were used to secure the graft after a half hitch of the two limbs. Pinning of the ulna to the radius is optional and is independent of the method of graft fixation. In our opinion, pinning should not be necessary following closure of the capsule but could be considered if residual instability is present or due to concerns regarding patient compliance.
Patients were placed into a sugar tong splint for 2 weeks followed by a Muenster cast for 4 weeks. Therapy began at week 6 with gentle forearm ROM exercises. Patients were provided with a clam shell splint for 4 additional weeks as they continued with strengthening therapy and proprioceptive feedback therapy.
Statistical Analysis
Continuous variables and categorical variables were compared using nonparametric tests. All tests were two sided. Graft success was calculated using the Kaplan-Meyer method and distributional differences compared using log rank test. Statistical significance level was set to 0.05. We calculated 80% power to detect a hazard ratio of !5.1.
Results
Our search revealed 95 wrists in 93 patients during the study period. Two female patients had undergone bilateral procedures. Mean patient age at surgery was 37.2 years and mean follow-up time was 65.2 months (range: 28-190 months, median: 38.5 months). Time from injury to surgery was 28.7 months (range: 2-473 months, median: 11.5 months). Preoperative parameters can be seen in ►Tables 1 to 3. Of note, 39% of the patients had undergone other surgery directed at their wrist symptoms at the time of referral (►Tables 1 and 2). There were 30 "flat" (32.6%), 8 "s-shaped" (8.7%), 39 "c-shaped" (42.4%), and 15 "ski-slope" (16.3%) shaped sigmoid notches.
Concomitant injuries occurred in 25% of patients: 9 patients (9.5%) with a distal radius fracture, 3 patients (3.2%) with a distal ulnar fracture, 3 patients (3.2%) with a carpal ligament injury, and 2 patients (2.1%) with a forearm fracture. Four of the distal radius fractures and one ulnar styloid fracture underwent open reduction and internal fixation prior to DRUJ reconstruction.
Autograft was used in 42 reconstructions, and allograft (not used until 2002) was used in 53 reconstructions (►Table 3). The majority of grafts were fixated by suturing the tendon graft to itself after looping it circumferentially around the ulnar neck (►Fig. 1). There were no differences in use of autograft or allograft between male and females, handedness or type of graft fixation (►Table 3).
Overall, graft success was 86.3% (those patients with a stable DRUJ or did not go on to revision surgery) (►Fig. 2). . There was no difference in success between the tendon loop and suture anchor. The pre-and postoperative ROM and grip strength can be seen in ►Table 5. Grip strength was statistically higher postoperatively. Pre-and postoperative MMWS data can be seen in ►Table 6. The majority of patients were able to return to work after surgery (►Table 6). At the last follow-up, 90.8% of patients had a stable DRUJ, 5.3% did not, and 3.4% had some laxity. At last clinical follow-up, 27.5 and 48.4% of patients described either no pain or mild pain, respectively, with 22.0% of patients with moderate pain and no patients with severe pain. This was a significant improvement in reported pain (p < 0.05). Complications occurred in 31.6% of patients (►Table 7). Six patients suffered a neuropraxia of the ulnar nerve and one patient had a neuroma excised for continued pain. Causes for revision surgery were persistent symptomatic instability of the DRUJ (n ¼ 3), recurrent instability of the DRUJ (n ¼ 5), and painful degenerative arthritis of the DRUJ demanding surgical intervention (n ¼ 4). ROM and grip strength preoperatively and at last follow-up for revision patients can be seen in ►Table 8. In eight of the initial revision surgeries, the reconstruction was found to be intact and in two patients the tendon reconstruction had ruptured. One was ruptured at the exit of the ulnar tunnel and one had ruptured volarly. Of those with persistent pain, two were found to have a ulnotriquetral split tear that was treated surgically and one patient had an ulnar styloid nonunion.
Of the 12 revised patients, 6 patients had received surgical treatment prior to the primary Adams-Berger procedure. Allografts were used in 7 of the 12 revised patients at the time of original surgery. This included both plantaris tendons (n ¼ 6) and a gracilis tendon (n ¼ 1). Palmaris longus autografts were the preferred graft for the remaining revised patients (n ¼ 5). Four patients underwent ulnar head replacement due to progressive degenerative disease of the DRUJ and two patients had an ulnar head resection.
Discussion
Different methods of DRUJ reconstruction have been described: a direct extrinsic radioulnar tether, extensor retinaculum capsulorrhaphy, and capsular plication; and an indirect radioulnar link using an ulnocarpal sling or tenodesis (Linscheid-Hui procedure), dynamic muscle transfer, and sigmoid notch reconstruction. 2, [12] [13] [14] [15] [16] These procedures do not restore the normal anatomy of the joint and thus may be unreliable and restrict joint motion. 14 The Adams-Berger reconstruction of the DRUJ aims to link the distal radius and ulna using a tendon graft which mimics the attachments of the native TFCC anatomy. While there are inherent problems of reproducing the elastic modulus of Fig. 4 Kaplan-Meier curve of the procedure success based on graft fixation technique in 95 wrists that underwent the Adams-Berger procedure for distal radioulnar joint reconstruction. ligaments when using tendon grafts, this reconstruction has demonstrated the ability to restore DRUJ kinematics biomechanically. 17 This procedure has been our preferred method to restore stability and function of the DRUJ. In their initial series, Adams and Berger reported symptomatic relief and stabilization of the DRUJ in 12 of 14 patients at a mean 2.2-year follow-up. 1 Two patients had recurrent instability, one of which needed an additional stabilizing procedure. The other patient had an insufficient volar rim of the distal radius, contributing to instability of her DRUJ. This patient achieved sufficient and functional stability by wearing a brace that reduced the translation of the DRUJ in supination and pronation.
Seo et al described a series of 16 patients with posttraumatic unidirectional DRUJ instability who underwent the Adams-Berger procedure. 14 At a mean 1.5-year follow-up, instability was resolved in 15 of the 16 patients, three of which had increased laxity but no joint translation. The mean MMWS improved in all but the one patient with recurrent subluxation, who required a sigmoid notch osteotomy. Teoh and Yam looked at nine patients who underwent anatomic DRUJ reconstruction at an average of 1.2 years short-term follow-up and 9 years long-term follow-up. 18 All patients had improvement in grip strength and wrist scores. The wrist scores decreased from the short-to the long-term follow-up period. Only three of nine patients remained pain free at long-term follow-up and two patients had recurrent instability. 18 Our study supports the current literature by demonstrating good outcomes after anatomic ligament reconstruction of the DRUJ with a 14% failure rate at a median 38.5 months follow-up. Grip strength was significantly increased, and ROM was unchanged except for a decrease in pronosupination, which is consistent with other reports. Although statistically significant, these changes were likely not clinically significant. Our data demonstrates a significantly increased rate of reconstructive failure in females compared to males and with the use of an interference screw for graft fixation. There were no differences between males and females and age, type of graft or graft fixation, follow-up, and time to revision. Furthermore, we did not find a difference in revision rate based on the age of the patient, time from injury, number of previous surgeries, sigmoid notch type, type of graft used, or involvement of dominant wrist. Based on the results of this study, we have abandoned the use of interference screws for this procedure and rely on suture anchors for initial tendon fixation and tensioning.
The long-term stability of the Adams-Berger reconstruction depends on solid tendon to bone tunnel healing. 19 As the native enthesis is not regenerated in a surgical reconstruction, stability of tendon grafts in bone tunnels relies on new bone formation and collagen fiber integration. [20] [21] [22] [23] This is an important aspect for the surgeon to consider when planning the surgery and the postoperative rehabilitation to optimize the long-term outcome for the patient. Kalson et al biomechanically tested tendon graft fixation methods in the Adams-Berger procedure. 24 They found that the maximum load to failure of the original suture method of tendon graft fixation was equal to bone anchor suture fixation, which were both superior to an inference screw. This mirrors our clinical results. This may be due to the difficulty in verifying tension using the interference screw, or due to the limited size of the bone tunnel that may not tolerate the wrist loads over time, leading to failure. The rate of procedural or mechanical failure was significantly higher with an interference screw compared to the loop method of graft fixation. We also feel that immobilization for 4 to 6 weeks in a long arm cast, followed by another 4 to 6 weeks in a removable Munster splint with cautious rehabilitation, is important for solid osseointegration of the tendon graft and restoration of DRUJ stability.
The current study is based on data from a tertiary level hospital, with a large sample size and moderate duration of follow-up. However, this is a retrospective study assessing outcomes for a single surgical procedure without a control group or comparison to other treatment modalities. Continued pain was not considered a failure of the procedure, as the indication for reconstruction was primarily DRUJ instability. In addition, we were unable to determine retrospectively if the continued pain a patient may experience was due to the DRUJ or other concomitant pathology. It is possible that some patients had persistent pain due to the DRUJ and did not want further surgery, despite having stability of their DRUJ, but we were unable to assess that Abbreviations: ROM, range of motion; SD, standard deviation.
scenario. To truly identify procedural success future, prospective studies must emphasize the use of validated subjective outcome scales at several time points during followup. Further limitations of our study are the incomplete records for the patient-reported questionnaires. There was limited power to detect variable associations with the risk of revision, as there were only 12 revisions identified; however, the study had 80% power to detect a hazard ratio of ! 5.1. The available literature on this topic consists of single center studies with limited sample number, limited time of follow-up, and outcome measurements often limited to functional outcome scores. This study provides the largest series to date with the longest reported clinical follow-up
The current study demonstrates approximately 13% revision rate in 93 patients/95 wrists at mean 65 months followup. An increased revision rate was associated with female gender when an interference screw was used to fixate the graft. Surgical revision was not associated with age at the time of surgery, chronicity of injury, type of graft used, sigmoid notch shape, involvement of the dominant wrist or number of surgeries prior to the Adams-Berger reconstruction.
Note
Institutional ethics was approved for the use of personal health data. All work was performed at the Mayo Clinic in Rochester, MN.
